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lethod for changing linear load on a reel-up 

Trie present invention relates to a method for changing the linear load 
on a reel-up of a paper web. The reel-up primarily comprises an initial 
reeling device, a reeling shaft, a reeling cylinder and a loading device. 
The concept of linear load refers to the force required in the reeling, 
which\loads the paper reel formed on the reeling shaft. Said force 
required in the reeling is applied to the reel formed on the reeling shaft 
primarily, via the reeling cylinder in such a way that the necessary force, 
linear load, is generated via the nip between the outer perimeter of said 
reeling cyhnder and the outer perimeter of the reel that is being formed, 
when the loVling of said nip is at least primarily generated by means of 
force device^ acting on the ends of the reeling shaft. In the initial 
reeling device\the formation of the bottom portion of the reel on the 
reeling shaft takes place, whereafter the reeling shaft is transferred to 
the loading deviceao be reeled to form a full paper reel. 

The force loading thVnip can be adjusted by means of control signals 
derived on the basis gfthe position of the initial reeling device and the 
loading device in sucheFsway that the loading of the nip is dependent in 
a predetermined manneV~oh a possible initial reeling angle, the 
diameter of the growing re&Lor time, i.e. the linear load changes as a 
function of a measurablelaBbr. At the transfer stage, in which the 
reeling shaft and the reel to b£\formed thereon are transferred from the 
support and loading applietTbyVaid initial reeling device or the like to 
the loading effected by the loadinWevice, a force peak which disturbs 
the reeling process is often generatedjn.the linear load. 

Said reel-up is generally used for-^example for reeling up of a paper 
web passed for example from a papecrr^acrTine or a finishing device for 
paper. The reel-up in question is a continuous reel-up in which 
machine reels are reeled successively. WfierTthe reel has become full, 
the web is changed to travel to a new reejing-shaft. The web is reeled 
around the reeling shaft and in the reel-up tr^e reel. which is gradually 
growing into its full size, is pressed againsKtiief reeling cylinder by 
means of a loading device, the web travelling over the reeling cylinder 
in a particular sector and the reeling cylinde/^being rotated at a 
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peripheral speed corresponding to the desired speed of the web. 
Before the reel is completed, a new reeling shaft can, when 
accelerated to the running speed, be brought in nip contact with the 
reeling cylinder by means of the initial reeling device in such a way that 

5 it also attains the corresponding peripheral speed. As soon as the 
paper reel has attained the desired diameter, it is transferred away 
from the reeling cylinder. Thus, its peripheral speed starts to become 
lower, which results in that a web loop is formed between the new reel 
shaft and the complete reel. This loop is guided e.g. by means of a 

10 pressurized air jet to wind around a new reel shaft, and it is torn off 
from the finished reel as a result. There are also other known ways of 
change. 

Because of the variations in the loading, it is a problem in the 
15 aforementioned transfer stage especially when reeling takes place at 
high speeds, that wrinkles are produced in the inner layers of the reels 
in such a manner that the bottom portion of the reels is rejected as a 
broke. The amount of paper discharged as broke may be as high as 2 
to 3 %, which causes considerable financial losses for the paper mill. 

20 

A known method for changing the linear load on the reel-up is 
disclosed for example in the patent FI-71107, and in the corresponding 
US patent 4634068. Here, secondary forks are driven against the 
reeling shaft which is initially reeled in primary forks, in such a manner 

25 that the forks hit the reeling shaft. The linear load is controlled in this 
transfer stage by evenly reducing the loading produced by the primary 
forks, and by evenly increasing the loading of the secondary forks at 
the same time, wherein the sum linear load remains substantially 
equal. The impact on the reeling shaft, however, always results in a 

30 clear linear load peak. Thus, in addition to the change of the loading, 
the disturbance is also caused by the transfer of the loading device to a 
position where it can receive the reel from the initial reeling device, and 
the latter factor can act in the transfer of the loading, even though the 
linear load could be controlled well by controlling the actuators affecting 

35 the loading at the transfer stage. 
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For example in the generally used reel-up type, there are reeling 
carriages which can be moved in the longitudinal direction of the 
machine (machine direction), which reeling carriages function as a 
loading device when the reel is completed after the initial reeling. The 
carriages are provided with guide jaws, which press the ends of the 
reeling shaft towards the reeling cylinder. The guide jaws press the 
reeling shaft with a force, which is determined according to the force of 
the actuators used for moving the reeling carriages. When the 
actuators are used to drive the carriage against the reeling shaft, a 
certain pressure always prevails therein to ensure the movement, the 
pressure causing a "load stroke" when the guide jaws touch the reeling 
shaft. 
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By nteans of the method according to the invention, it is possible to 
avoid \dditional loading exerted on the reeling shaft at that stage when 
the reeling shaft is transferred from the initial reeling device to the 
loading oKthat loading device by means of which most of the reel is 
formed. Tfie method according to the invention is primarily 
characterized ih^ what will be presented in the characterizing part of the 
appended claim 1 . 

By means of the method according to the invention, the variation of the 
loading occurring in the change of the reeling shaft can be minimized 
even further, and thus the paper reels are formed in such a manner 
that they are of uniform quality for example in view of further 
processing procedures. The invention is based on the adjustment of 
the positions or location of the guide jaws as well as on the adjustment 
of the force of the loading device before the transfer stage in such a 
manner that no loading peak is generated. 

In the followjng, the method according to the invention will be described 
by means oPan example with reference to the appended drawings, in 
which 

Fig. 1 shows a side-view of a reel-up type as an example, 



Fig. 2 shows loading pressures of prior art at the transfer stage, 
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Fig. 3 shows schematically the first embodiment of the method, and 
Fig. 4 shows schematically a second embodiment of the method. 

5 

ln\this case the method according to the invention is implemented by 
means of a reel-up according to Fig. 1 , in which locking jaws 3 of the 
initial\reeling device 9 correspond to the primary forks of the 
aforementioned patent FI-71107 and secondary jaws 8 journalled 

10 pivotableNn the vertical plane in reeling carriages 6 correspond to the 
secondary Wks of the patent, the jaw on the side of the reeling cylinder 
4 being a locking jaw and the jaw on the other side of the end of the 
reeling shaft being a guide jaw. The reeling carriages 6 move along 
guide rails by means of linear bearings and hydraulic cylinders 11 

15 which produce theSloading of the reel, and of which the term "loading 
actuator" will be used hereinbelow. The loading device by means of 
which the reel is loaded against the reeling cylinder 4, is composed of 
hydraulic cylinders 1 1 ^and a mechanism by means of which the 
hydraulic cylinders are in aj)ower transmitting connection with the ends 

20 of the reeling shaft, more precisely with the bearing housings of the 
reeling shaft. The mechanism, by means of which the force of the 
hydraulic cylinders is transmitted to the ends of the reeling shaft, is in 
this case composed of the reeling carriages 6 and the guide jaws 8. 
For the purpose of measuring the\diameter of the reel, the reeling 

25 carriages 6 are provided with devicesNpr measuring the position, which 
are placed on both sides of the macffine. In the reel-up, the reel is 
supported in a known manner by the ends of the reeling shaft by 
means of reeling rails 5 or corresponding supporting elements. 

30 According to Fig. 1, in the beginning of the change of the reeling shaft, 
the initial reeling device 9 is in the upper position and the locking jaws 
3 of the initial reeling device are open. The clutch of the initial reeling 
drive is also open. In the reeling shaft storage there is an empty reeling 
shaft to be picked up by lowering arms 2. 

35 

The reeling shaft 1 is lowered to the initial reeling device 9 by means of 
lowering arms 2. The jaws 3 of the initial reeling device are 
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automatically locked as soon as the reeling shaft 1 is positioned down 
in the jaws 3 of the initial reeling device 9. The clutch of the initial 
reeling drive is closed and it is shifted to crawling mode. The empty 
reeling shaft 1 is accelerated to the web speed and the initial reeling 
5 device 9 is turned a given distance, for example into a certain angular 
position with respect to the reeling cylinder 4, or in such a manner that 
the reeling shaft 1 is lowered on the rails. The nip between the reeling 
cylinder 4 and the reeling shaft 1 is automatically closed at some point 
during the turning movement. The reeling carriages 6 are transferred to 
10 a change position when the paper reel has reached the desired 
diameter. The reel is thus transferred away from the reeling cylinder 4. 
The web is changed on a new reeling shaft 1 by a suitable manner. 

The act of stopping the full reel 7 takes place by braking. When the reel 
15 7 has stopped, the braking ceases. The guide jaws 8 and the locking 
jaws 8 of the reeling carriages 6 turn downward automatically, 
whereafter the full reeling shaft 1 rolls along the rails 5 to a stopper, 
wherefrom it can be transferred away from the machine by means of a 
crane. 

20 

During the process of moving the full reel 7 away from the machine, the 
web is reeled on the reeling shaft 1 located in the initial reeling device 
9, and the reel is loaded against the reeling cylinder 4 by means of the 
actuators of the initial reeling device 9, which act upon the ends of the 
25 reeling shaft via the locking jaws 3. At the next stage the initial reeling 
device 9 is turned down on the rails 5 if the change has been 
conducted in the upper angular position of the reeling shaft, and the 
reeling carriages 6 are guided towards the reeling shaft 1 located on 
top of the rails 5 in the initial reeling device 9. 

30 

Fig. 2 illustrates the pressure levels of the actuators responsible for the 
loading of the initial reeling device 9 and the pressure levels of the 
loading actuators 1 1 responsible for the loading of the reeling carriages 
at a transfer stage. The guide jaws 8 have been turned up by means of 
35 actuators 1 0 located in the reeling carriages 6, wherein the guide jaw 
causes a pressure peak marked with the letter P when it hits the 
reeling cylinder, and a corresponding loading peak in the reel-up. 
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In the invention the contact of the loading device with the reeling shaft 
takes place without loading force, in other words the loading actuators 
1 1are devoid of the force effecting the linear load. 



According to the first embodiment of the invention (Fig. 3), the 
carriages 6 are guided towards the reeling shaft 1 at a very low speed, 
the guide jaws 8 being positioned in the upper position, and the 
carriages 6 are stopped approximately 10 mm before the guide jaws 8 

1 0 enter in contact with the reeling shaft 1 in the initial reeling device 9. At 
this stage, when the guide jaws 8 are not yet in contact with the reeling 
shaft / 2'/p ressure is switched off from the loading actuators 11, and 
their chambers are open to the tank lines via valves. The next step is to 
wait until the diameter of the web reel R grows to such a dimension 

15 that the end of the reeling shaft 1 is transferred against the guide jaw 8 
and starts to move the reeling carriages 6 along itself. This can be 
detected from the position information of the reeling carriages 6, for 
example by means of a sensor indicating the position. Thus, the 
locking jaws 8 of the reeling carriages 6 can be lifted up on the 

20 opposite side of the ends of the reeling shaft 1 , wherein they lock the 
reeling shaft 1 to the reeling carriages 6 when they are closed. At the 
same time the pressure can be switched to the loading actuators. The 
change of the linear load takes place for example according to principle 
described in the publication FI-71107 and shown in Fig. 2, in such a 

25 manner that the loading effected by the initial reeling device 9 is 
reduced from a given starting level to the zero level at the same time 
when the loading caused by the reeling carriages is increased, until the 
loading equals the loading of the initial reeling device 9 before starting 
the change, in other words the overall loading remains constant. The 

30 principle is th^cfthe same as the one in Fig. 2, but the act of increasing 
the loading of the loading device and thereby the act of increasing the 
linear load begins from zero. A linear load peak is not generated 
because the guide jaws 8 are not driven against the reeling shaft, but 
the web reel can grow into engagement with the reeling carriages 6 

35 freely. 
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According to a second alternative (Fig. 4), the reeling carriages are 
driven to a load transfer position when both the guide jaws and the 
locking jaws are in the lower position. The guiding carriages are 
transferred to the correct position by position control in such a manner 

5 that the jaws are closed on both sides of the ends of the reel spool 1. 
When the jaws 8 are closed, the force of the loading actuators 11 is set 
to 0 N, wherein the contact to the reeling shaft 1 takes place without 
loading force, and a loading peak does not occur. In practice the 
reeling carriages 6 are set to force control mode and the force target is 

10 set to 0 N. Thereafter the loading is increased in a similar manner as 
described above. 

In both alternatives the loading forces can be ramped clearly from zero 
to the linear load force by means of the loading device and from the 
15 linear load force to zero by means of the initial reeling device. Both 
forces can be changed evenly, wherein the graph of the sum linear 
load illustrating their overall effect as a function of the time is also 
linear. 

20 When the load of the drive has been changed, the clutch of the initial 
reeling drive opens automatically and the drive is stopped. The locking 
jaws 3 of the initial reeling device 9 are opened and it is guided 
upwards into the initial position of the change sequence. Then the 
initial reeling device 9 is ready to receive a new reeling shaft from a 

25 storage of reeling shafts for the next change. 

The function of the reel-up is controlled with a control system, which is 
based on programmable control logic known as such or on a 
corresponding control system, by means of which the aforementioned 
30 adjustments can be implemented. The motion of the reeling carriages 6 
can be controlled in a precise manner by means of position control, 
wherein said reeling carriages and the guide jaws 8 therein will be 
positioned accurately with respect to the reeling shaft 1 before they 
enter in contact with the reeling shaft and before the load is increased. 

35 

It is obvious that the invention is not restricted to the above-described 
example, but it can vary within the scope of the claims. In the above- 
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described reel-up type there is a reeling carriage 6 on both sides of the 
frame of the reel-up, which reeling carriage moves in a linear manner 
and is in a power transmitting connection with the corresponding end of 
the reeling shaft 1 . Both the reeling cylinder 4 and the reeling shaft 1 
5 are rotated during the reeling, i.e. the reel-up in question is a centre- 
drive assisted reel-up. The reel-up type and/or the details of the reel-up 
can, however, differ from those mentioned above. The reel-up can for 
example function by surface drive, wherein for example only the reeling 
cylinder 4 is driven. It is common to all reel-ups in which the invention 

10 . can be applied that they are provided with a loading device which is 
driven into contact with a reeling shaft at that stage when the paper 
web has already been reeled around the reeling shaft in the initial 
reeling. The moment of the change can also be selected in such a 
manner that most of the reeling process is conducted by means of the 

15 initial reeling device and only a short time before the reel change the 
reel is changed to the loading devices. Thus, in this context, the initial 
reeling device has to be regarded as a device in which it is possible to 
reel the web around the reeling shaft and which causes a load which 
can be changed to a load effected by another loading device for the 

20 duration of the final reeling. The reel-up can be provided e.g. with two 
pairs of reeling carriages. 



The reeling cylinder 4 can be replaced with any surface drive 
apparatus, which forms a nip with the reel, in which nip the 
25 aforementioned linear load is effective. The surface drive apparatus 
can be for example a belt and roll assembly. 



